was one of the most distinguished British applied mathematicians of the twentieth century. His intellectual energy and passion for research were unwavering in a career extending over 63 years. His published work covers a very wide field and includes important contributions to the theoretical mechanics of solids and fluids and the general theory of continuous media.
A strong and enduring influence, from childhood onwards, was the Methodist Church. His principal spare-time activity came to centre on the local Methodist Sunday School, which catered for a variety of interests ranging from singing to gymnastics. He was taught to play the organ by a friend who was a church organist at Eynsford in Kent, and in later life deputized for the regular organist at Methodist churches which he attended. In these formative years his outlook took an anti-Establishment, pacifist direction and he remained loyal throughout his life to connections established at this time with like-minded friends.
C   
Financial support in the form of scholarships was an essential prerequisite for university education, and again Albert Green was highly successful. He won an Open Scholarship in Mathematics at Jesus College, Cambridge, and was also awarded a State Scholarship and a leaving scholarship by his school. He entered Jesus College in 1931, the first member of his family to go to university. Understandably, he took some time to find his feet, but settled down to enjoy his years in Cambridge, living initially in college, later in lodgings and returning to college when he became a Fellow. His Methodist connections, sustained through the John Wesley Society and the Cambridge Groups, continued to be a mainstay.
As I recall that when I started with G.I. he suggested an area of work and discussed this with the help of rather illegible scribblings on a sheet of paper. At the end of the discussion I took the treasured paper away in the somewhat vain hope of deciphering some of the main points. Of course G.I. really knew what answers he expected from an investigation by his somewhat unusual physical insight. I had to seek out appropriate mathematics myself and after about 9 months I was almost in despair as I had made absolutely no progress.
There is surely an excess of modesty here as Albert's first paper, a solution of the twodimensional flow due to the gliding of an inclined plate over a stream of finite depth, was submitted for publication on 5 March 1935. It is clear, however, that Taylor kept him on a loose rein and expected him to find his own way mathematically. Two more papers were produced in that year and three in 1936, and this evidence of exceptional promise was recognized by the award of a Smith's Prize and election to a Research Fellowship of Jesus College. The PhD was approved in 1937, by which time he had published work in three distinct areas: the gliding-plate problem and its ramifications, the elastic stability of a twisted strip, involving experimental work carried out under Taylor's eye in the Cavendish Laboratory, and a study of the production of large eddies from small ones in a viscous fluid, made in collaboration with Taylor and subsequently known as the Taylor-Green problem (Batchelor 1996, pp. 168, 172-173, 259 ). These and related investigations were pursued further during the remaining years of his Research Fellowship and the first two of a series of seven papers on stress systems in aeolotropic elastic plates completed.
D, 1939-48
Albert Green was appointed Lecturer in Mathematics in the Durham Colleges, University of Durham in 1939. He became a member of University College and lived in the Castle in his first term. At Christmas 1939 he married Gwendoline May Rudston. Albert had known Gwen since his schooldays when their families were near neighbours in Kingsgate Road, and she was a source of great support and happiness to him for the rest of his life. After a honeymoon in Eastbourne Albert and Gwen moved into the house in Fieldhouse Lane that they occupied for the next 29 years.
Albert's arrival in Durham coincided with a change in the headship of the Department of Mathematics, Professor P. Heawood retiring, at the age of 78, and J.L. Burchnall being promoted to succeed him. E.F. Baxter, who had been the sole applied mathematician in the department, moved to the Meteorological Office on the outbreak of World War II. Durham was, at this period, a small university of about 500 students. The staff of the Department of Mathematics consisted of Burchnall and Green and a temporary lecturer until 1942, when the university undertook to accommodate groups of 100 Royal Air Force aircrew for six months' training in mathematics and navigation. The staff was then increased by the appointment to temporary posts of two schoolmasters, one of whom, S. Holgate, promptly became Albert's first graduate student. Although the number of undergraduates reading for honours in mathematics was in single figures, the teaching loads were heavy and the staff were expected to lecture on any topic in the syllabus, in either pure or applied mathematics.
Despite these time-consuming demands and a departmental culture offering little encouragement to original work, Albert steadily advanced his research in the theory of linear elasticity. The series of papers on stress systems in aeolotropic (in modern terms, anisotropic) plates was brought to a conclusion and a study of the buckling of plywood plates carried out in collaboration with R.F.S. Hearmon of the Forest Products Research Laboratory of the Department of Scientific and Industrial Research. Albert's distinction in research was endorsed in 1943 by the award of the ScD degree by the University of Cambridge.
Apart from a single paper on aerofoil theory, Albert continued working in linear elasticity after the war and turned his attention to a number of new problems. T.J. Willmore (later Professor of Pure Mathematics at Durham) joined the department in 1946 and participated in a study of three-dimensional stress systems in isotropic plates. These years also saw the beginning of a brief but telling involvement with punch and crack problems. By the end of his time in Durham Albert had established himself as one of the leading British authorities on the mathematical theory of linear elasticity. His influence was felt in the Department of Mathematics long after he left.
N  T, 1948-68 In 1948 Albert Green was appointed Professor of Applied Mathematics in King's College, Newcastle upon Tyne, then a college of the University of Durham. His arrival in Newcastle followed the retirement of G.R. Goldsbrough (F.R.S. 1929) and the promotion of W.W. Rogosinski (F.R.S. 1954) to a chair in pure mathematics. Green and Rogosinski became Joint Heads of the Department of Mathematics. Initially the department was small, consisting of the two professors and eight lecturers, five of whom were applied mathematicians. The staff was further strengthened in 1952 by the appointment of J.W. Craggs (later a professor in Leeds, Melbourne and Southampton), who had wide research interests in theoretical mechanics.
From the beginning of his appointment Albert fully maintained the high level of activity in research that had characterized his earlier career in Cambridge and Durham. Throughout his time in Newcastle his interests developed and widened, and increasingly he engaged in collaborative research. His first co-worker was W. Zerna, who spent the year 1948-49 in Newcastle under an assistance scheme for German academics. At this time the main focus of Albert's research turned from linear to nonlinear elasticity and in 1950, arising from the change of direction, he became a consultant to the British Rubber Producers' Research Association (BRPRA) at the invitation of R.S. Rivlin, the Superintendent of Research (Rivlin 1996 , pp. xxix-xxx). Also closely involved in the early stages of the work on nonlinear elasticity was R.T. Shield, Albert's first graduate student at Newcastle. When Rivlin moved to the USA in 1952 the connection with the BRPRA was maintained through J.E. Adkins. Albert also collaborated with his colleague E.W. Wilkes in the early 1950s. Most of his research on elasticity was embodied in two books. Theoretical elasticity (14, 43)*, co-authored with Zerna, by now at the Technische Hochschule, Hannover, was published in 1954; Large elastic deformations and non-linear continuum mechanics (18, 45), written with Adkins, who had moved to the University of Nottingham, appeared in 1960.
Albert supervised a succession of graduate students, Shield being followed by G.C. Nicholas, E.B. Spratt and W.S. Blackburn in the 1950s and A.H. England, J.N. Flavin and T.R. Steel in the 1960s. He was an exemplary supervisor, seeing each student weekly, keeping fully abreast of his research and being readily available for discussion. He insisted on work being written up as it progressed and was generous with ideas and suggestions.
Albert was elected a Fellow of The Royal Society in 1958, the citation mentioning his important and extensive contributions to linear elasticity and his tensorial restatement of the nonlinear theory. Within the bounds of a strong natural modesty he took great pleasure in his election. There were no changes, however, in his working life.
A major expansion of the Department of Mathematics started in 1957. At this time and over the next few years new staff appointments in applied mathematics became available which enabled Albert to attract some of the most promising young mathematicians of the day working in his own field. colleagues and exchanging ideas with them. There were many distinguished visitors from Europe and the USA. This could be seen as the high point of his career, a period in which the scope of his research broadened to embrace a wide range of new concepts and theories bringing fresh impetus to the mechanics and physics of continuous media.
The diversification of interests was stimulated by two periods of leave spent in the USA. In 1955-56 Albert was Visiting Professor in the Division of Applied Mathematics at Brown University in Providence, Rhode Island. Rivlin had been a Professor at Brown since 1953, and the renewal of their collaboration resulted in a fundamental study of nonlinear viscoelasticity. A contributor to this work was A.J.M. Spencer (F.R.S. 1987), who also worked with Albert on a problem of elastic stability. Professor Spencer has kindly provided the following observations on the Green-Rivlin collaboration:
Albert and Ronald were completely different personalities, but I thought they complemented each other perfectly; Ronald had the ideas and very deep physical insight, while Albert was also pretty good at the physics but in addition was an excellent technical mathematician. Ronald would always tackle a problem head on, whereas Albert tended to be more subtle. Neither of them could easily be persuaded to accept an argument, but they normally agreed in the end.
Albert returned to Brown for the first semester of the academic year 1963-64, collaborating with Rivlin on the formulation of theories of generalized continua. Their last joint paper was published in 1968. The second semester was spent as Visiting Professor in the Division of Applied Mechanics at the University of California in Berkeley, a visit that marked the beginning of another productive collaboration, with P.M. Naghdi. Several lines of investigation were initiated which were intensively pursued in later years. They included the nonlinear theory of materials with elastic-plastic behaviour, the continuum theory of mixtures and the theory of shells, plates and rods.
On Albert treated his staff very well. I think he believed very strongly that, as far as possible, each member of the academic staff should be free to follow his/her own star, both in research and teaching. He was very anxious that his staff should have adequate time to pursue research, and his whole approach supported and encouraged their research.
I always found Albert very fair to, and supportive of, the pure mathematicians in the department. I felt that he valued pure mathematics as much as applied mathematics, and that he was even-handed in trying to ensure proper support for both. (Professor J.R. Ringrose, F.R.S.)
Albert tended to avoid external commitments. Apart from a three-year spell on Government Grant Board A of The Royal Society he did not serve on national bodies and carried out only a small amount of external examining. He participated actively, however, in the early years of the British Theoretical Mechanics Colloquium and hosted the 1961 meeting in Newcastle.
O, 1968-77
Albert Green would have been happy to go on living in Durham and working in Newcastle, but the opportunity to move to Oxford held strong attractions. He would be substantially free from administrative work and obliged only to give 36 lectures in each academic year. There were also the advantages of a clean break and closer proximity to roots in the south of England.
On moving to Oxford he settled happily into the Mathematical Institute and in due course (1973-76) served as chairman of its Committee of Management. He seemed unconcerned that only one colleague, W.A. Day, had research interests similar to his, but would have liked to supervise more than the three graduate students, K.A. Lindsay, D. Nicol and M. Troth, who came to him during his tenure of the Sedleian Chair. His relations with The Queen's College, where he was a Professorial Fellow, were never close; he took lunch there occasionally, but the formal aspects of college life held no appeal. He taught at both the undergraduate and graduate levels, initially introducing some general continuum mechanics into his undergraduate lectures. He had little to do with the Faculty of Mathematics and took no part in examinations.
Increasingly, Albert's research was carried out in partnership with Paul Naghdi. In all they published 83 joint papers, 68 of which were written while Albert was in Oxford, 27 after his retirement. Professor J. Casey, a former colleague of Naghdi's, has kindly provided the following comments on their collaboration:
Paul and Albert were intellectually frank with one another, admired one another greatly, and had a deep, enduring friendship. They always had a paper or two in progress, other papers planned, and there were eternally long battles with referees. They communicated very frequently by mail and telephone, and Paul visited England now and again.
It may be added that Albert visited Berkeley quite frequently up to 1980. The lines of research which had been followed since 1964 were continued and two major strands added: the foundations of continuum thermomechanics and a range of problems in fluid dynamics. Some of these investigations were on a considerable scale, extensive mathematical developments and weighty calculations being accompanied by critical comparisons with theoretical, numerical and experimental results drawn from a wide variety of sources.
R, 1977-99
Albert Green retired from the Sedleian Chair in 1977 and was elected Emeritus Professor of Natural Philosophy and a Supernumerary Fellow of The Queen's College. He was awarded a Leverhulme Emeritus Fellowship for the period 1978-80. He continued to visit the Mathematical Institute regularly and his collaborative work continued almost without pause up to Paul Naghdi's final illness. There was no tempering of ambition in their projects, almost a half of the papers from this period appearing in the Proceedings or Philosophical Transactions of The Royal Society. Naghdi's death in July 1994 affected Albert deeply. Afterwards he completed and saw through the press their last joint papers; then, in 1997, called an end to a research career that had lasted for 63 years.
Outside his work Albert had no interests which occupied very much of his time. As noted above, he was an occasional organist; he played the piano at home for recreation, kept an attractive garden and, for a time in Durham, an allotment; he and Gwen enjoyed walking and there were several places in Britain where they were fond of taking holidays. Throughout his working life, however, he showed a single-minded determination to secure adequate time for his research, time that he used to maximum effect on account of his enthusiasm, quickness and fertility of thought. He wanted, above all, the opportunity to develop and publish his ideas and since, in large measure, this was granted he was grateful and content.
C   
Linear elasticity Albert Green's earliest work in this field was devoted to problems of elastic stability, treated by the adjacent-equilibrium-position method. Two examples have been mentioned above, the twisting of an isotropic strip by end couples and the buckling of an anisotropic plate by forces acting along the edges.
The seven papers on stress systems in anisotropic plates (1-7) are concerned almost exclusively with plates in a state of generalized plane stress composed of an orthorhombic material having reflexional symmetry about planes parallel to the faces. A variety of solutions were obtained, notably the stress distribution in a perforated plate under uniform tension or shear at infinity, the perforation consisting of one or more circular holes or a single hole belonging to a two-parameter family of shapes including the ellipse and the square and triangle with rounded corners. In the last four papers (3, 5-7) the analysis was greatly facilitated by the use of complex potentials. This powerful method of solving plane problems in linear elasticity was given a systematic presentation at much the same time and in relation to isotropic bodies by A.C. Stevenson and L.M. Milne-Thomson. It became apparent, however, after the end of World War II that the complex variable technique had been developed much earlier in the former Soviet Union by G.V. Kolosov and N.I. Muskhelishvili and then extended to anisotropic bodies by S.G. Lekhnitskii (see (14), pp. 184-185 for references; also Muskhelishvili (1963) , pp. 114-115). An amplified account of the work on plane problems was given in (14, 43), chapter IX, which contains a wealth of valuable results.
Complete three-dimensional solutions of two problems for a thick isotropic plate with stress-free faces were constructed in an attempt to assess the accuracy of the generalized plane stress approximation. The first solution (8), for a plate containing a circular hole with prescribed stresses on its boundary and subject to a uniform tension at infinity, demonstrates Albert's mastery of the analytical techniques then available.
The calculation of the displacements and stresses produced by the indentation of the surface of an isotropic elastic body by a rigid circular punch was reduced by Albert to a problem in potential theory (9), and the same approach applied to the opening of a crack by normal pressure. The results appear in an expanded and generalized form in (14, 43), chapter V. Later, with A.H. England, he gave an elegant solution for an infinite row of collinear line cracks and an associated indentation problem (25) .
Two other topics were studied, the bending of beams and plates and the theory of thin elastic shells. The papers on bending include an extension of the classical Saint-Venant problem to an orthotropic cylinder with planes of reflectional symmetry parallel to the right cross-sections, and a three-dimensional analysis for the bending of a thick isotropic plate, simplified by the use of complex variable notation.
Albert's contributions to the delicate and controversial subject of shell theory fall into two phases, the earlier of which was entirely in the context of linear isotropic elasticity. He sought to derive basic equations for a thin shell from the full three-dimensional theory by a consistent expansion procedure akin to asymptotic expansion but not proved to be precisely of this character. The first approximation yields equations valid in the interior of the shell (23), and a boundary-layer analysis is required to reconcile specified conditions on a smooth edge with the interior stresses (24, 35). The theory was later given a dynamical formulation (30) and related to the alternative and more conventional approach utilizing equations integrated through the thickness of the shell in conjunction with stress resultants and stress couples.
This was not quite the end of Albert's interest in linear elasticity. In later years he published a typically resourceful determination of the stresses in a circular tube with a discontinuous bend subject to internal pressure or flexure (20). With Shield he gave an example involving a converging spherical elastic wave that undermined the generality of conditions hitherto regarded as sufficient for the stability of equilibrium in an elastic body (26). Finally, with his students Troth and Nicol, he analysed the stresses produced by internal pressure in a circular pipe reinforced by one or more double helical layers of reinforcing wires (49, 57).
Nonlinear elasticity The theory of nonlinear elasticity, in which no restriction is placed on the magnitude of the deformation, was essentially complete by the end of the nineteenth century but lay dormant until the late 1940s. The revival that then occurred stemmed from the realization by Rivlin that a number of families of universal exact solutions can be obtained when the elastic material is both isotropic and incompressible. Since vulcanized rubbers have very small compressibilities the nonlinear theory of incompressible elasticity applies to the principal class of solids susceptible to large elastic deformations. Rubber elasticity was the context in which Rivlin's seminal discoveries were made (Rivlin 1996 , pp. xxiii-xxiv).
In 1950 Green and Zerna gave an account of the theory of nonlinear elasticity using the general tensor calculus and a curvilinear coordinate system that convects with the body as it deforms. Their paper (10) did not refer to the work of Rivlin and was concerned solely with compressible materials. Shortly afterwards, however, Green and Shield rederived Rivlin's results for the pure torsion of a circular cylinder and gave two new exact solutions of the equations of incompressible elasticity, concerning the rotation of a circular cylinder about its axis and the radial deformation of a spherical shell under pressure on its surfaces. This paper (11) led to the collaboration with Rivlin described above. The first joint paper (12) , by Green, Rivlin and Shield, developed a general theory of small deformations superimposed on a finite deformation of an isotropic elastic material, compressible or incompressible. This is one of two physically significant linearizations which can be performed. The other is the theory of second-order effects, arising as the second approximation (the first being linear elasticity) in a systematic expansion in powers of a small characteristic parameter (13). Albert's research in nonlinear elasticity during the period 1950-63 consisted of, first, a search for further exact solutions, extending to materials with orthotropic and hexagonal symmetries, and, secondly, the solution of particular boundary-value problems in the two linearized theories. The bulk of the work falls into the second category and to it he brought the superb problem-solving skills displayed in the earlier papers on linear elasticity.
The contributions to nonlinear elasticity over the period in question are reviewed in full and related to contemporary research in the treatise by Truesdell & Noll (1965, chapter D) . They are also given unified presentations in the books by Green & Zerna ((14, 43), chapters I-IV) and Green & Adkins ((18, 45), chapters I-III, V and VI) which employ the general tensor formalism introduced in (10). Albert held for a decade or more 'an almost religious attachment' to this approach (Rivlin 1996 , p. xxx), maintaining that it gives the basic theory of nonlinear elasticity a simple and elegant form lending itself to the solution of particular problems. This viewpoint has not prevailed and Albert himself eventually abandoned it for the combination of Cartesian coordinate systems and direct tensor notation now widely favoured. However, further use of the general tensor calculus was made in the work on directed curves and surfaces, described below, where it has an essential role.
Later, in the 1970s, Albert contributed to the study of conservation laws in nonlinear elasticity (48) and, in collaboration with J.Z. Mkrtichian, derived constitutive equations for an elastic material which behaves differently in compression and extension (56).
Materials with memory Green and Rivlin were among the first authors to develop properly invariant mechanical constitutive equations for materials with memory, valid for deformations of arbitrary magnitude. Their theory appeared in a series of three papers, the second co-authored with Spencer. The starting point in part I (15) was the assumption that the stress at a typical material point at the present time t is a function of the deformation gradient at the same point at t and at N instants of time between 0 and t. The restrictions imposed by invariance under superposed rigid body motions were determined and the resulting reduced constitutive equation specialized to isotropic materials. In the limit N → ∞ the constitutive functions become functionals which, under specified conditions, can be represented as finite sums of multiple integrals.
In parts II and III limitations on the dependence of the stress on the current value of the deformation gradient were removed, allowing the material to display instantaneous elastic response. The representation theory of the isotropic constitutive functionals was considerably extended in part II (16) . In part III (17) the theory was generalized and related to earlier work carried out jointly by Rivlin and J.L. Ericksen.
Much later Albert collaborated with C.P. Buckley in a study of the combined extension and torsion of a pressurized circular cylindrical viscoelastic tube (53), a situation in which small deformations are accompanied by nonlinear material response. The membrane theory of thin shells was used in conjunction with a constitutive equation of the form strain is a functional of stress. The theoretical developments were closely integrated with an extensive programme of measurements on a polypropylene tube.
Thermomechanics of continua Much of Albert's research from 1964 onwards had a thermomechanical setting and the foundation of thermomechanics was a major preoccupation over the period 1970-95. It is therefore appropriate to trace at this stage the evolution of his thought on basic principles.
A systematic procedure for constructing thermomechanical theories of particular classes of materials was introduced by Coleman & Noll (1963) in a paper that stimulated a vigorous renewal of interest in the thermodynamics of continua. The integral balances of mass and momentum were augmented by two further integral relations, an energy balance and an entropy production inequality (the Clausius-Duhem inequality), representing in turn the first and second laws of thermodynamics. The inequality obtained by eliminating the external body force and heat supply from the point forms of the integral relations imposes restrictions on the constitutive equations characterizing a specific type of material, and the construction of complete thermomechanical theories is thereby reduced to a fairly straightforward routine.
The first two papers of Green and Naghdi on thermodynamic fundamentals (46, 47) adopted the basic structure of the Coleman-Noll approach while considering modifications to the first and second laws. In (46) a primitive form of energy balance was formulated in which the existence of an internal energy was not presumed. The special case of Cauchy elasticity provided motivation for an additional postulate, that 'the total rate of external work and heat supplied or extracted from any part of a continuum in a closed cycle of deformation is zero'. The existence of internal energy then follows. In (47) it was shown that, for a large class of materials, additional fields which might be introduced into the balance laws and entropy production inequality are in fact unnecessary.
In the period separating (46) and (47) Green and Laws expressed reservations about the Clausius-Duhem inequality which had been, in part, raised by others. It was felt that this condition is too stringent to be acceptable as a general statement of the second law. More concrete objections were adduced by Green and Naghdi from a study of heat conduction in a stationary rigid body, and they were led to propose a new framework for continuum thermomechanics (54) . First, the balances of mass, momentum and energy were supplemented by a balance of entropy. Next, an equality placing constraints on constitutive equations was derived by eliminating the external fields from the point forms of the balances, independently of any form of second law. Finally, the Clausius-Duhem inequality was replaced by a set of three inequalities elicited from 'classical statements of the second law' and entailing further restrictions on constitutive equations. The thermodynamical inequalities were subsequently re-examined, reaching their final form in a paper (64) that incorporated electromagnetic effects into the new framework. Green and Naghdi came to believe that 'the second law does not refer to just one statement but in fact is a collection of statements'. Seven such statements were listed in (64) and the inequalities chosen to comply with them all.
In their last papers on thermomechanics (75-77) Green and Naghdi returned to the balance laws. The form of first law assumed in (46) , consisting of an energy balance (now modified) and the work postulate for cyclic processes quoted above, was adopted and required to be invariant under addition to the velocity and temperature fields of arbitrary uniform increments. The balances of mass, momentum and entropy, and hence the complete set of field equations, emerge as simple consequences. The applicability of this unified procedure was demonstrated over a very wide field.
The end product of Green and Naghdi's prolonged scrutiny of the bases of continuum thermomechanics is a coherent and economical theory which attempts 'to stay close to classical concepts'. Inevitably, however, in a field so notoriously contentious, some aspects of the work have been criticized, a particular point of difficulty, applying also to the ColemanNoll approach, being the treatment of entropy as a primitive rather than a derived concept. It may be mentioned here that Albert's one foray into public controversy was largely concerned with thermodynamical matters. In 1982 he took issue with a polemic published in the Bulletin of the Institute of Mathematics and its Applications by his former Oxford colleague L.C. Woods. A further exchange followed, but there was no meeting of minds (Woods 2000, pp. 259-263).
Thermoelasticity
In its standard form the theory of thermoelasticity rests on constitutive assumptions that the stress, entropy and Helmholtz free energy are functions of the deformation gradient and temperature, and that the heat flux depends also on the temperature gradient. In this connection Albert Green developed a general linearized theory governing small thermomechanical disturbances of an initial state in which the stress is non-zero (22). An important special case is that in which the heat-conducting elastic material is isotropic and the initial state is reached by a homogeneous finite deformation and a uniform temperature change from a homothermal natural reference configuration. This case was the setting for studies by England and Green (19) and Flavin and Green (21), the former concerned with static problems of the combined loading and heating of a penny-shaped crack and part of the surface of a half-space, the latter with the propagation of plane harmonic waves. In both papers the solutions pertain to a biaxial homogeneous deformation.
Albert's later work on thermoelasticity reflects a dissatisfaction with the standard theory, on the ground that the diffusive nature of heat conduction, entailed by a constitutive law of Fourier type, precludes a second sound effect. Many attempts have been made to remedy this deficiency, particularly by modifying Fourier's law (Joseph & Preziosi 1989 , 1990 ). Albert's approach was at the fundamental level of constructing a new nonlinear theory from revised constitutive postulates. The first non-standard theory was proposed by Green and Lindsay in 1972, at a stage when Albert's ideas on the bases of continuum thermomechanics were in transition. It was not referred to subsequently. Following the appearance of the new framework (54, 64), Green and Naghdi enlarged upon their earlier treatment of heat conduction in a stationary rigid body. Three types of conduction were considered, and from them arose two further non-standard theories of thermoelasticity, labelled types II and III.
In type II thermoelasticity (72) each of the fields requiring a constitutive equation was taken to depend on a set of variables consisting of the deformation gradient, the temperature and the thermal displacement gradient (the thermal displacement being a scalar whose rate of change is equal to the temperature). In type III thermoelasticity (70) these independent variables were supplemented by the temperature gradient. Both theories yield linearized equations, valid for small deformations and proportional temperature changes, which have solutions representing thermal waves travelling with finite speed. In the type II theory there is no energy dissipation and thermal waves are consequently undamped. Moreover, the entropy flux, in common with the stress and entropy, is generated by the Helmholtz free energy. In contrast, the linearized type III theory admits standard linear thermoelasticity as a limiting case.
Nonlinear theory of elastic-plastic continua A material exhibiting elastic-plastic behaviour has two deformation regimes, the initial response to loading being elastic and plastic flow supervening when the state of stress satisfies a characteristic yield condition. Elastic deformation is fully recoverable by unloading, but plastic deformation is not. The classical theory of plasticity, which is largely concerned with small deformations, reached a satisfactory degree of completeness around 1960. Since then a major effort has been made to extend the theory of elastic-plastic continua to finite deformations, taking full account of thermomechanical interaction. Albert Green's first research in this area was a demonstration, in a purely mechanical context, that an isotropic hypoelastic material, characterized by a constitutive equation of the form rate of change of stress is a function of stress and rate of change of deformation, can display an elastic-plastic response in a loading-unloading process.
His most important contribution, made in collaboration with Naghdi between 1965 and 1978, is a complete nonlinear theory of elastic-plastic continua, similar in structure to the rate-independent classical theory, but with each of the basic concepts generalized to accommodate finite deformations and thermomechanical effects (33, 40). Some of these developments proved controversial, for example, the non-prescriptive treatment of plastic strain, the admissibility of additional variables representing strain-hardening, the inclusion of the plastic strain in the yield condition, and the flow and hardening rules. In subsequent papers Green and Naghdi answered criticisms of their theory, showed that there is some latitude in the handling of plastic strain, and considered variants, extensions and applications.
Albert's involvement ended with the modification of the theory (60) in the light of the new framework for continuum thermomechanics (54, 64) . However, Naghdi retained a strong interest, his many later publications including a comprehensive review (Naghdi 1990 ) in which the advantages of a strain-based formulation over the stress-based approach adopted in (33, 40) and the classical theory were underlined.
Continuum theory of mixtures
In this theory each constituent is treated as a continuum and every point in a mixture is taken to be occupied by a material point of each constituent. The fundamental ideas were introduced in the nineteenth century by Fick and Stefan, but the next major advance did not take place until 1957 when Truesdell proposed balances of mass, momentum and energy for the individual constituents of a mixture (Truesdell & Toupin 1960 , § § 158 et seq.). There followed over the next 15 years an intensive examination of basic concepts and governing principles, the outcome of which was a complete continuum thermomechanics of mixtures and a procedure of the Coleman-Noll type for placing restrictions on constitutive equations. Albert Green's first paper on mixtures, co-authored with Adkins, was an application of Truesdell's mass and momentum equations to binary fluid-fluid and fluid-solid mixtures in which the fluids are viscous, of the Reiner-Rivlin type, and the solid elastic. Between 1965 and 1972 Green and Naghdi were active participants in the discussion of fundamentals, and Albert also published joint papers with Steel and Laws. This work has been described and evaluated in reviews by Atkin & Craine (1976a, b) . In summary, initial disagreement with Truesdell's theory was reduced to points of interpretation, the situation in which the constituents have different temperatures was studied (by Craine, Green and Naghdi) and constitutive equations were developed for a variety of particular mixtures.
From 1978 onwards Green and Naghdi aligned their view of the theory of mixtures with their evolving ideas on the thermomechanics of a single continuum. There were three stages: reformulation within the new framework (54), involving balances of entropy (58), revision of the thermodynamical inequalities derived from statements of the second law (68) and the advancement to a pivotal role of the energy balance for the mixture of a whole in accordance with the unified procedure of (75-77).
Generalized continua In classical continuum mechanics the basic kinematic fields are derivatives with respect to position and time of the displacement of a generic material point from a reference position. The primary kinetic concepts are the stress vector, inducing a stress tensor, and the external body force. A generalized continuum has a more elaborate kinematics, involving additional vector or tensor fields, and the system of kinetics is correspondingly extended.
The microstructure of a material can be expected to influence at least some aspects of its bulk behaviour, but classical continuum kinematics is too simple to reflect fully the internal arrangements of, for instance, metal alloys, polymer melts and solutions, and liquid crystals; hence a perceived need for generalization. The first complete theory of a generalized continuum was proposed by E. and F. Cosserat in 1907, but its significance was not fully realized until the late 1950s (Truesdell & Noll 1965 , § 98). Green and Rivlin entered the field in 1964 with two papers (27, 29) which broadened the scope of existing studies. In each paper the theory has a thermomechanical framework consisting of an energy balance, the ClausiusDuhem inequality and the principle of invariance under superposed rigid body motions; further comment on the operation of the invariance principle is made below.
In (27) the additional kinematic tensors are higher gradients of the displacement. Each of these generalized displacements was assumed to contribute to the rate of working of the continuum, and its kinetic counterparts, called multipolar stresses and multipolar body forces, are coefficients in an expression for the total rate of working. In (29) the kinematics was generalized by tensor fields, not specifically related to the displacement and restricted only by invariance requirements, two different forms of which were considered. In each paper constitutive equations were formulated for generalized elastic response and a system of governing equations derived. In connection with the simpler theory (27) , a more general treatment of constitutive equations was presented in a later paper (32).
The supplementary kinematic structure adopted by the Cosserats comprised a number of vectors, subsequently termed directors. Two papers by Green and Rivlin (31, 38), the former co-authored with Naghdi, established the equivalence of one of the alternative forms of the generalized continuum theory of (29) to a director theory set in the same thermomechanical framework.
There have been many applications of generalized continuum mechanics to aspects of the behaviour of particular classes of materials. The most successful is the continuum theory of nematic liquid crystals, extensively developed on foundations laid by Ericksen and Leslie (Carlsson & Leslie 1999) .
The principle of invariance under superposed rigid body motions employed by Green and Rivlin in (27, 29) , and earlier in their work on materials with memory (15) (16) (17) , was adopted by Albert in all his later work. In connection with generalized continua, Green and Rivlin used the principle to deduce the balance of linear momentum from the energy balance and to investigate the symmetry of the stress. In a separate note (28) they described the application of these arguments in classical continuum mechanics and showed that the balance of mass can also be derived from the energy balance. A neater treatment was subsequently given by Green and Naghdi in a paper on non-local continuum mechanics (59).
Shells, plates and rods In the pioneering work of the Cosserats separate chapters were devoted to one-, two-and three-dimensional theories of generalized continua. A similar subdivision was observed by Albert Green and his co-workers, the one-dimensional theories relating, in the first place, to rods and the two-dimensional theories to shells and plates. Whereas in the work on threedimensional generalized continuum theories, outlined in the previous subsection, the aim was to construct models capable of representing details of microstructure, the lower-dimensional theories used directors to model a salient geometrical feature of a class of bodies. Thus, a shell or plate, for which the transverse dimension is much smaller than the others, was represented as a surface with one director assigned to each point, modelling the thickness. A rod, a body for which the two transverse dimensions are much smaller than the length, was portrayed as a curve with two associated directors, modelling the cross-sectional structure. The major advantage of these exact direct approaches is the complete avoidance of the vexed question of the relation between three-dimensional continuum thermomechanics and an approximate theory based on the relative smallness of one or two dimensions of the body. The disadvantage is the awkward problem of interpreting in conventional terms quantities that are peculiar to a direct theory.
Shells and plates Paul Naghdi was concerned with the theory of shells and plates from the beginning of his career in the early 1950s (Casey & Crochet 1995, pp. S5-S9). Apart from an isolated paper published in 1950, Albert Green did not become involved with shell theory until 1962 (23, 24, 35), though, as already noted, he had long been a leading expert on the theory of elastic plates. From 1965 all his research on shells and plates was carried out in collaboration with Naghdi and set in the context of directed surfaces.
The inaugural paper (34), co-authored with W.L. Wainwright, is a lucid treatment of the one-director Cosserat surface, that is a deformable surface embedded in a Euclidean 3-space at every point of which a deformable vector (the director) is specified, not necessarily in the direction of the normal. The theory is exact and complete within the thermomechanical framework adopted in the earlier papers on generalized continua (27, 29) . The application in (34) and succeeding papers was to an elastic Cosserat surface, but the theory was extensively employed with other materials, particularly fluids. These developments are described in the next subsection.
Green and Naghdi had in mind from the outset the bearing on the foundations of shell theory of an elastic Cosserat surface for which the director is initially co-directional with the normal. In later papers the relationship was clarified and the direct approach, consisting of this restricted theory of an elastic Cosserat surface, collated with an approximation procedure deriving a two-dimensional shell theory from the three-dimensional thermomechanics of continua. The method of approximation combined expansions in powers of the transverse coordinate with moments of the energy equation and the Clausius-Duhem inequality (44) . For an elastic shell there results an infinite system of two-dimensional equations determining an infinite number of kinematic and thermal variables. Reduction to finite form was effected by approximating the Helmholtz free energy. In other papers detailed consideration was given to linearization, about both the undeformed configuration of a Cosserat surface and a state of finite deformation, the latter situation relating to questions of stability.
In the case of a Cosserat plate the defining surface is flat when undeformed, the director then coinciding with a unit normal. When the theory was linearized the governing equations were found to decouple into subsets describing stretching and bending of the plate, and constitutive equations of elasticity were obtained containing nine disposable coefficients (37). The interpretation of the coefficients was considered later and effectively completed by Naghdi (1972, § 24) .
Green and Naghdi believed that the direct approach, as an exact theory, should be regarded as fundamental. Full expression was given to this viewpoint in a book-length review by Naghdi (1972) , embodying his joint work with Green up to 1971 and recounting the complex history of the theory of shells and plates.
Three major contributions date from the years 1979-82. In (61) Green and Naghdi returned to the direct approach in the context of their new framework for thermomechanics (54) . In order to allow for variations of temperature through the thickness of a shell, and not merely over the defining surface as in the previous work, a multiplicity of additional temperature and other thermal fields was introduced. In the special case of an isotropic elastic plate with two temperatures the interpretative problem was solved for both mechanical and thermal coefficients. The second paper (62) applied the thermomechanical theory of an orthotropic elastic Cosserat plate, with a plane of symmetry parallel to the undeformed configuration, to a laminated composite plate. The theory was shown to reproduce results for harmonic wave propagation in a triply laminated plate originally obtained by entirely different means. Green and Naghdi's wide-ranging investigation of the Cosserat surface culminated in an extended study (63) in which full account was taken of electromagnetic as well as thermomechanical effects in the presence of an arbitrary number of directors. The nonlinear theory has the same thermomechanical structure as (61) and incorporates multiple thermal and electromagnetic fields. Notwithstanding its generality and considerable complexity, the theory was shown to permit detailed application in a number of important special cases. Rods A comprehensive study of rods was developed in parallel with the work on shells and plates. The first step, and a cornerstone of much that followed, was an elegant direct theory constructed by Green and Laws (36). The directors were freed from restrictions imposed by the Cosserats, being allowed to depend upon time and position on the curve defining the rod, their orientation limited only by the condition that the handedness of the triad formed by the directors and the tangent vector be the same at each material point. The thermomechanics of (27, 29, 34 ) was adopted and constitutive equations were formulated for an elastic rod. In a sequel (39), by Green, Laws and Naghdi, the theory was specialized to a straight rod and linearized. The governing equations were shown to divide into four sets, representing two modes of flexure, torsion and extension, thermal effects being associated only with extension. A similar decoupling was exhibited by Green, Knops and Laws (41) in relation to small deformations superimposed on a finite extension of a straight elastic rod. A dynamical stability analysis of one of the flexural modes was performed and compared with the classical Euler-Bernoulli theory.
The alternative approach of suitably approximating the three-dimensional thermomechanics of continua was studied by Green and Naghdi in line with the corresponding development for shells (44) . When specialized to a straight rod and linearized, the finite form of the theory produced the same systems of equations for flexure, torsion and extension as the direct approach.
The interplay of the approximate and direct approaches was refined and extended in a substantial two-part paper by Green, Naghdi and Wenner (50, 51). For the linear isothermal theory an alternative treatment of the constitutive equations of an elastic rod was presented in part I and shown in part II to facilitate the interpretation of the constitutive coefficients in the direct approach. In this initial attack on the interpretative problem all but two of the 17 coefficients were determined. Green and Naghdi later recast the direct approach within the new thermomechanical framework of (54), the additional temperature fields now allowing for variation over cross-sections of the rod. A complete solution of the interpretative problem was achieved in connection with straight orthotropic elastic rods with one plane of symmetry parallel to the cross-sections.
In conformity with (63) , and on a comparable scale, the direct approach was generalized to accommodate electromagnetic effects. This paper (66) , like its counterpart, provides fully worked out details of significant special cases. In particular, the linearization for a straight rod was applied to non-conducting and piezoelectric crystal rods, and an analysis made of the wave-guiding properties of rods with rectangular cross-section.
Fluid dynamics Albert Green started and ended his research career with papers on fluid dynamics. His early work, in the period 1935-47, has already been touched on. Over the next 20 years he was only occasionally active in this area, but from 1968 about a quarter of his output was devoted to problems of fluid flow. This final period was concerned almost entirely with applications to fluid bodies of the direct approaches described in the previous subsection. The basic methodology was the same as for shells and rods, fields associated with the additional kinematic and kinetic structures of the one-and two-dimensional direct theories being interpreted with reference to three-dimensional continuum mechanics. The fluid-dynamical studies were mainly directed to incompressible liquids and here, in contrast to the thermomechanical framework used for solid bodies, the setting was purely mechanical.
In the one-dimensional application the term jet was given to a directed curve (with two directors) composed of a fluid. The basic paper (42), co-authored with Laws, developed a general theory of incompressible inviscid jets, later extended by Albert to a compressible inviscid fluid, with reference to gas jets and rings, and to an incompressible Newtonian viscous fluid. A number of solutions were obtained for straight jets, including rotating liquid and gas jets of circular section and a liquid jet of elliptical section, the shape of which varies along the jet in accord with observations made by Sir Geoffrey Taylor (55).
The flow of an incompressible Newtonian viscous fluid in a pipe was also modelled by a one-dimensional direct theory in one of Green and Naghdi's last and most ambitious projects (73, 74). In the case of a straight pipe with varying elliptical cross-section nine directors were employed. A pipe of circular section bent into a circle entailed a calculation of immensely greater complexity, to which M.J. Stallard was a contributor. Hierarchies of up to 152 directors were used and the results were subjected to a detailed critical comparison with previous analytical and numerical studies.
The two-dimensional applications also involved both inviscid and viscous fluids and covered a wide range of wave motions and channel flows. The first paper (52), by Green, Laws and Naghdi, sought to discover the extent to which the ideas used in developing the theory of shells are useful in connection with water waves. The theoretical basis is that of a plane Cosserat surface composed of an incompressible inviscid fluid with the director normal to the reference plane. An approximate velocity field was used to determine the additional kinetic quantities appearing in the integral balance laws. Green and Naghdi later generalized this approach and moved from a Lagrangian to an Eulerian formulation in which the approximation to the velocity field had an enhanced role. The theory reached its final form in an extensive study of water waves (67) embracing layers of infinite, finite and small depths. The specific problems addressed in the papers on inviscid fluids include travelling waves of various kinds in stationary and moving streams of uniform and variable depths, effects of compressibility and inhomogeneity, interfacial waves, hydraulic jumps, gravity waves in a basin, waves produced by variations of surface pressure, stern waves, the planing of a wedge and, reverting to Albert's first research problem, gliding over the surface of a stream.
In the parallel developments for incompressible viscous fluids (65) Green and Naghdi considered two-dimensional flow in a channel with fixed walls, lubrication flows with one moving boundary and free surface flow over a fixed boundary.
A further contribution, but with a different basis, was an analysis of Taylor-Couette flow, that is incompressible Newtonian viscous flow in the annular region bounded by two finite concentric circular cylinders, the inner of which rotates about its axis. In the direct applications so far described either one or two spatial coordinates are removed from threedimensional continuum thermomechanics and replaced by one or more directors. In the previous subsection the reductions relate to a shell, for which one dimension is small, and a rod, with two small dimensions, but in the applications to fluid dynamics these restrictions were relaxed, enabling the direct approach to be extended to fluid bodies which are neither sheet-like nor jet-like. The final step of removing completely the spatial aspect of continuum thermomechanics in favour of a set of directors results in a theory of what Green and Naghdi called a Cosserat point (69) . This theory, in which the only independent variable is the time, underlies their treatment of Taylor-Couette flow (71). An isochoric velocity field satisfying the boundary conditions of the problem was constructed and used to select the set of directors (10 generally, 5 for axisymmetric flow). Solutions predicting a wide variety of cellular structures were obtained and compared with experimental results of Benjamin and Mullin.
The traditional method of attacking difficult three-dimensional problems in fluid dynamics is by approximation. The radical approach of Green, Naghdi and their co-workers consisted of replacing the three-dimensional theory by another exact theory of lower dimensionality. It was argued that while the substitute theory could not be expected to depict all aspects of an exact solution of the three-dimensional theory, neither could an approximation. In (52, 65, 67, 69, 71) and allied papers the flexibility and predictive capacity of the direct approach were demonstrated and supported by an impressive display of agreement with results obtained by different procedures.
T    
Albert Green was small of stature and slight of build, but he made an immediate and lasting impression. His delightful smile, friendly manner and unassuming nature are enduring memories of all who knew him, unusual and endearing accompaniments of a powerful intellect. He had the support and security for almost 60 years of a very happy marriage. The warmth, hospitality and thoughtful understanding of Albert and Gwen were appreciated by a wide circle of colleagues, students and associates. His home was also his essential place of work, as all his research was carried out there. His working habits and tireless absorption in mathematics are captured in the following recollections. His generosity to research students, mentioned earlier, extended to co-workers. It was his practice to write up and publish as quickly as possible, and prompt action was expected from a collaborator at this stage. When disagreements arose he held his ground tenaciously. Once convinced, however, there was no repining; he was a ruthless user of the wastepaper basket, notable casualties being two chapters discarded from the first edition of his book with Adkins (18, 45) and an entire book on continuum mechanics, co-authored with Naghdi, which was scrapped when their views on basic principles changed.
Over the first part of his career Albert established a formidable reputation as a problem solver in classical branches of theoretical mechanics. Thereafter he became a leading figure in the modern revival of continuum mechanics and thermomechanics. The extent of the change was regretted by some of his British contemporaries because of what was seen as an abandonment of areas of practical significance for abstract theory. This view is scarcely borne out by a study of his writings, which show a taste for generality but not abstraction. Most of the areas in which he worked were related to aspects of the behaviour of actual materials and, whatever the degree of elaboration of the basic theoretical developments, there was a constant concern for applications, pursued in many cases to the solution of specific problems. His was a scientific journey of remarkable variety and boldness. 
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